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1
RADIO FREQUENCY CLAMPING CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to clamping circuits. More
specifically, the present invention relates to radio frequency
clamping circuits.

2. Description of the Related Art

Clamping circuits are used to protect electronic
components, circuits and systems against excessive and
potentially harmiul currents and voltages. In radio frequency
systems, for example, clamping circuits have been used to
protect analog-to-digital (A/D) converters from over-
voltages.

One conventional clamping approach involves the use of
switches to 1solate the protected circuit or circuit component
from a deleterious source of excessively high energy.
However, this approach requires a detector and therefore
tends to be relatively expensive. In addition, 1t 1s ditficult to
achieve a sufliciently fast response time to provide adequate
protection 1n many cases.

Accordingly, a preferred approach involves the use of
diodes to shunt over-voltages to ground. However, the diode
approaches known 1n the art have suffered from linearity
problems. That 1s, these devices have often failed to accu-
rately pass signals below a clamping threshold without
degradation.

Accordingly, a need remains 1n the art for an 1mproved
system or method for protecting circuits, components and
systems from excessive voltages and currents with good
linearity and minimal expense.

SUMMARY OF THE INVENTION

The need 1n the art 1s addressed by the clamping circuit of
the present invention. The inventive clamping circuit
includes an input/output node, adapted to be coupled to a
protected circuit or component; a first diode having an anode
connected to the input/output node; a second diode having a
cathode connected to the input/output node; a third diode
connected between the cathode of the first diode and the
anode of the second diode; a first arrangement for supplying
a first potential at the cathode of the first diode to reverse-
bias the first diode, while causing the third diode to go 1nto
conduction; a second arrangement for supplying a second
potential at the anode of the second diode to reverse-bias the
seccond diode, while causing the third diode to go into
conduction; a first capacitor connected between the cathode
of the first diode and ground; and a second capacitor
connected between the anode of the second diode and
oground.

In the illustrative embodiment, the anode of the third
diode 1s connected to the cathode of the first diode, the first
arrangement includes a first resistor connected between a
first power supply and the cathode of the first diode, and the
second arrangement i1ncludes a second resistor connected
between a second power supply and the anode of the second
diode. The 1llustrative embodiment further includes a third
resistor connected between the cathode of the first diode and
cground and a fourth resistor connected between the anode of
the second diode and ground.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an illustrative embodi-
ment of a clamping circuit implemented 1n accordance with
the teachings of the present invention.
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FIG. 2 shows an alternative embodiment in which the
third diode D3 1s implemented with two diodes connected 1n
serics with a connection to ground at the node there between.

DESCRIPTION OF THE INVENTION

[1lustrative embodiments and exemplary applications will
now be described with reference to the accompanying
drawings to disclose the advantageous teachings of the
present 1nvention.

While the present invention 1s described herein with
reference to 1llustrative embodiments for particular
applications, it should be understood that the mmvention 1s not
limited thereto. Those having ordinary skill in the art and
access to the teachings provided herein will recognize
additional modifications, applications, and embodiments
within the scope thereof and additional fields 1n which the
present 1nvention would be of significant utility.

FIG. 1 1s a schematic diagram of an illustrative embodi-
ment of a clamping circuit implemented 1n accordance with
the teachings of the present invention. As shown in FIG. 1,
the mventive clamping circuit 10 includes an input/output
node 12, adapted to be coupled to a protected circuit or
component (not shown). A first diode D1 is included with an
anode connected to the mput/output node 12. Asecond diode
D2 1s included with the cathode thereof connected to the
input/output node 12. A third diode D3 is connected between
the cathode of the first diode D1 at node 14 and the anode
of the second diode D2 at node 16. In the illustrative
embodiment, the anode of the third diode D3 1s connected to
node 14. A first source supplies a first potential at node 14
via a first resistor R1 and a second source supplies a second
potential at node 16 via a second resistor R2. A first capacitor
C1 1s connected between node 14 and ground. A second
capacitor C2 1s connected between node 16 and ground. The
illustrative embodiment further includes a third resistor R3
connected between node 14 and ground and a fourth resistor
R4 connected between node 16 and ground. Those of
ordinary skill 1n the art will choose component values for the
clements shown based on the requirements of a given
application.

In operation, when an RF input signal 1s applied to the
input terminal of a protected device (not shown), the signal
1s shunted to the mput/output node 12 of the clamp 10 of the
present mvention. If the peak voltage of the mput signal 1s
below the clamping threshold, the first and second diodes D1
and D2 are reverse biased by their respective supply volt-
ages and the voltage drop across the third diode D3. This
keeps D1 and D2 off and prevents the desired signals from
being shunted.

During an overdrive condition, when an RF signal with an
over-voltage 1s present, on the positive cycle, the first diode
D1 conducts and places a more-positive voltage at the anode
of the third diode. On a negative cycle, the second diode D2
conducts and places a more-negative voltage at the cathode
of the third diode D3. In both cases, this causes the third
diode D3 to conduct more heavily to limit the change 1n
voltage at the cathode of D1 and at the anode of D2. Those
skilled in the art will appreciate that the third diode D3
works with the first and second capacitors C1 and C2 to
allow for large over-voltage current to be shunted with a
small biasing voltages current.

During normal drive levels (below clipping), the circuit
10 provides a high shunt impedance to the RF signal and
presents only a small fraction of a dB loss 1n a typical 50
ohm system. A small biasing current (e.g., 3 ma) flows
through the third diode D3 and develops reverse bias for
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both the first and the second diodes D1 and D2. Because of
symmetry, half the voltage drop across D3 becomes the
amount of reverse bias for D1 and D2. Using a 1N4148 for
D3, approximately 0.3V reverse bias 1s applied to D1 and
D2. The reverse bias voltage value sets the clipping level for
the limiter. This value can be altered by changing D3 (to a
zener diode for example), or by adding another diode in
series with D3 as shown i FIG. 2 below. However, the
dynamic impedance of D3 affects the amount that the output
level will rise as the input signal level increases past the
mnitial clamp level.

FIG. 2 shows an alternative embodiment 1n which the
third diode D3 1s implemented with two diodes connected 1n
serics with a connection to ground at the node there between.

In the best mode, D1 and D2 are fast silicon diodes that
have low leakage current, and low dynamic impedance
when 1n conduction. The low leakage current provides the
high third order intercept point (IP3) for small signal levels.
The low dynamic on resistance reduces the increase in
power as the 1nput 1ncreases.

As mentioned above, when a large signal level 1s applied,
D1 conducts on the positive half cycle, and D2 conducts on
the negative half cycle to limit the output voltage swing.
During a positive voltage swing, D1 conducts and the
voltage at C1 begins to rise. The value of C1 should be
chosen to reduce the amount that this voltage can rise during
a single half cycle. If D3 were not present, then the rectified
RF would slowly charge C1 until only a small amount of
average current (equal to the bias current through R1 and
R3) would flow through D1. Thus, if D3 were not present,
the only way to have optimal limiting would be to use high
bias current. With D3 1n the circuit, the 1increase 1n positive
voltage at C1 during the positive half cycle 1s nullified by the
increase 1n negative voltage at C2 during the negative half
cycle, since D3 moves heavily 1mnto conduction and effec-
fively connects these points together.

Another alternative embodiment would be for the third
diode to be a zener diode to raise the clamping voltage to
even higher levels. In this case the third diode connection
would be reversed so that conduction occurs due to zener
breakdown 1nstead of forward conduction.

In yet another embodiment, a capacitor 1s placed across
the third diode, either as a third capacitor, or as a substitute
for the first and second capacitors. In the illustrative
application, the inventive clamp protects a device from
damage while providing high third order intercept point
(IP3) for levels below full scale. In a typical application, the
RF output signal from the clamping circuit 10 1s applied to
the mput of a transformer, which 1n turn differentially drives
an analog to digital converter. Thus the RF terminals are at
DC ground. In applications where a DC voltage 1s present,
blocking capacitors can be used, with a high value resistor
(typical 1K ohm) placed between the input/output node and
oround, and with the blocking capacitor between the mput/
output node and the DC voltage.

Thus, the present invention has been described herein
with reference to a particular embodiment for a particular
application. Those having ordinary skill 1n the art and access
to the present teachings will recognize additional
modifications, applications and embodiments within the
scope thereof.

It 1s therefore mtended by the appended claims to cover
any and all such applications, modifications and embodi-
ments within the scope of the present 1nvention.
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Accordingly,

What 1s claimed 1s:

1. A clamping circuit for a circuit to be protected com-
prising:

an 1nput/output node adapted to be coupled to said pro-
tected circuit;

a first diode having an anode connected to said input/
output node;

a second diode having a cathode connected to said input/
output node;

a third diode connected between the cathode of the said
first diode and the anode of the said second diode;

first means for supplying a first potential at the cathode of
the said first diode;

second means for supplying a second potential at the
anode of said second diode; and

a first capacitor connected between the cathode of the said

first diode and ground.

2. The invention of claim 1 further mncluding a second
capacitor connected between the anode of the said second
diode and ground.

3. The invention of claim 1 wherein said first means
includes a first power supply and a first resistor.

4. The 1mnvention of claim 3 wherein said second means
includes a second power supply and a second resistor.

5. The mvention of claim 1 further including a resistor
connected between the cathode of said first diode and
oground.

6. The mvention of claim 1 further including a resistor
connected between the anode of said second diode and
ground.

7. A clamping circuit for a circuit to be protected com-
prising:

an mput/output node adapted to be coupled to said pro-

tected circuit;

a first diode having an anode connected to said input/
output node;

a second diode having a cathode connected to said input/
output node;

a third diode connected between the cathode of said first
diode and the anode of said

second diode node such that a biasing current causes the
third diode to be 1n conduction while causing the first
and second diodes to be reversed biased;

first means for supplying a positive potential at the
cathode of said first diode, said first means including a
first power supply and a first resistor;

second means for supplying a negative potential at the
anode of said second diode, said second means includ-
ing a second power supply and a second resistor;

a first capacitor connected between the cathode of said
first diode and ground;

a second capacitor connected between the anode of said
second diode and ground;

a third resistor connected between the cathode of said first
diode and ground; and

a fourth resistor connected between the anode of said
second diode and ground.
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